Objectives. The purpose of the present study was to examine the effect of serum vitamin D concentrations on the longterm recurrence rates of benign paroxysmal positional vertigo (BPPV) patients.
INTRODUCTION
Benign paroxysmal positional vertigo (BPPV) is known to be a disease in which otoconia, which has dropped out of the maculae of the utricle and saccule, enters the semicircular canal or adheres to the cupula and causes clinical symptoms according to position changes.
Treatment with a particle repositioning maneuver (PRM) is the standard treatment, but the 1-year recurrence rate is about 20% and recurrence rates of 30%-50% are shown within 3-5 years [1] [2] [3] . Age, otologic diseases, and the type of canal are factors that affect the recurrence of idiopathic BPPV, and recently, the association between idiopathic BPPV and metabolic disease/ vitamin D has been attracting attention [4, 5] . Otoconia are composed of crystals of calcium carbonate (CaCO3) and glycoproteins, which are its main components, and is connected with protein fibers on hair cells. The formation, development, and degeneration processes of otoconia are known to be regulated by the active calcium metabolic process of the vestibular organ, in contrast to the low calcium concentration in the endolymph. Some study results have indicated that vitamin D-related epithelial calcium channel proteins are involved in the calcium metabolism of the vestibular organ [6] .
Recently, there have been studies indicating that osteoporosis and osteopenia, which are representative calcium metabolic diseases, are associated with BPPV [7] [8] [9] , and there have been reports indicating that patients with severely recurring BPPV had a quite serious vitamin D deficiency, along with study results indicating that BPPV patient groups have lower vitamin D concentrations [10] [11] [12] . The present study was conducted to examine the effect of serum 25-hydroxy (25-OH) vitamin D on the long-term recurrence of BPPV.
MATERIALS AND METHODS

Study subjects
The subjects of the present study were selected from among patients diagnosed with BPPV at the One Otorhinolaryngology Clinic (Paju, Korea) from June 2014 to April 2016. In order to select the subjects for this study, 520 patients with BPPV were examined. Patient information on age, gender, comorbidities (diabetes, hypertension, and hyperlipidemia), 25-OH vitamin D concentrations, and the type and location of semicircular canals involved in the initial BPPV attacks were reviewed retrospectively. All patients had blood tests done upon first presentation, regardless of recurrence. As a serum test, the 25-OH vitamin D concentration was measured using chemiluminescence immunoassay (Centaur; Siemens Healthineers, Erlangen, Germany). The reference range of the serum test for 25-OH vitamin D concentrations used in this study was above 4 ng/mL. The serum vitamin D level was classified as normal (>20 ng/mL), insufficient (10-20 ng/mL), or deficient (<10 ng/mL). Whether the patients had any hypertension, diabetes, or hyperlipidemia was checked through questionnaire surveys.
Among the patients, those with ear diseases such as homonymous Meniere disease, vestibular neuritis, and chronic otitis media, traumatic BPPV patients, multiple canal BPPV patients, patients who were taking vitamin D when they were first diagnosed with BPPV, and patients treated with vitamin D during their follow-up periods were excluded. Three hundred thirtytwo patients were retrospectively followed up until October 2017. Patient information was obtained from patient records, and direct telephone calls to patients were made to ensure the accuracy of the recurrence data. Informed consents from the patients are not needed because this is a retrospective study.
Clinical diagnosis of BPPV
All patients underwent physical examinations using pure tone audiometry, videonystagmography, and video Frenzel glasses when they first visited the hospital and were diagnosed and treated by one physician. Dix-Hallpike, supine roll, and supine straight head hanging tests were performed to determine lesion locations [13] . For posterior semicircular canal-BPPV, the DixHallpike test was positive if nystagmus was recorded with appropriate positioning, latency, duration, and fatigability. Lateral semicircular canal-BPPV (LC-BPPV) was diagnosed by horizontal direction-changing positional nystagmus concurrent with vertigo triggered by the supine roll test. LC-BPPV was classified as canalolithiasis or cupulolithiasis according to the direction of the nystagmus as horizontal geotropic and apogeotropic nystagmus, respectively. A down-beating nystagmus accompanied by a less pronounced torsional component to the affected side suggested anterior semicircular canal-BPPV by supine straight head hanging tests or Dix-Hallpike test.
For treatment, the modified Epley method was used in the case of canalolithiasis of the posterior semicircular canal, the Barbecue rotation method was used in the case of canalolithiasis of the lateral semicircular canal, and the Appiani and Gufoni methods were used in the case of lateral-canal cupulolithiasis. The Appiani maneuver rotates the head upward in the third therapeutic position and aims to reposition the canalith within the anterior arm or the cupulolith on the canal side of the cupula. On the other hand, the original Gufoni maneuver, introduced by Mauro Gufoni in 1998, should be performed in cases where the cupulolith is attached on the utricular side of the cupula. The patient lies down quickly on the side with the unaffected ear and remains in this position for 1 to 2 minutes until the evoked nystagmus subsides. The head is then quickly rotated 45° toward the floor. The Yacovino method was used in the case of canalolithiasis of the anterior semicircular canal. The treatment was performed with a PRM one or two times a day with intervals of 2-3 days. The criteria for a complete cure were determined to be the disappearance of symptoms and the disappearance of nystagmus in physical examinations. The criterion for recurrence was a diagnosis of BPPV based on the confirmation of nystagmus with video Frenzel glasses due to dizziness that occurred again at least one month after the complete cure.
Statistical analysis
Data were expressed as median (interquartile range [IQR] ). The risk factors associated with the recurrence of BPPV were compared using Pearson chi-square test and independent samples ttests. The recurrence until the end of follow-up was compared using Kaplan-Meier estimates and log-rank tests, with cases censored at the end of the follow-up. Since many studies announced results indicating that vitamin D deficiency (<10 ng/mL) affects
The 24-month recurrence rate of benign paroxysmal positional vertigo was 50%.
The recurrence rate was higher in the low vitamin D supplement group.
However, vitamin D supplement did not significantly decrease the recurrence rate in a multivariate model.
BPPV [10, 11] , and studies on the treatment of BPPV with vitamin D included those conducted with deficiency patients [12] in the present study, a vitamin D concentration of 10 ng/mL was used as a cutoff value. In addition, since all the blood concentrations of BPPV recurrence groups and non-recurrence groups were observed to be at least 10 ng/mL in other studies [5, 11] , another classification was considered necessary for studies of treatment, etc. Therefore, 15 ng/mL was used as another cutoff value.
In addition, a multivariate Cox proportional hazards regression analysis was performed to compare recurrence by age, sex, 25-OH vitamin D concentration, comorbidities (diabetes, hypertension, and hyperlipidemia), and the location and type of semicircular canals involved. Statistical analyses were conducted using IBM SPSS ver. 19.0 (IBM Corp., Armonk, IL, USA). Results with a P-value below 0.05 were regarded as statistically significant.
RESULTS
The median age of all 332 patients (male:female=100:232) was 50 years (IQR, 24 years), and the number of female patients was 2.3 times larger than the number of male patients at 100 (50 years [IQR, 21 years]; range, 13 to 83 years) while the number of female patients was 232 (49 years [IQR, 24 years]; range, 11 to 88 years). The median (IQR) serum 25-OH vitamin D concentration of all patients was 14.7 (10.4) ng/mL, while that of male patients was 15.7 (8.9) ng/mL (range, 4 to 33.1 ng/mL) and that of female patients was 14.1 (10.8) ng/mL (range, 4 to 51.5 ng/mL). Table 1 shows the clinical characteristics of the recurrence group and the non-recurrence group. Fifty-three of the 332 patients (16%) suffered a recurrence during the follow-up periods. The recurrence group and the non-recurrence group showed no statistically significant difference in age, location and type of semicircular canals, hypertension, diabetes, and serum vitamin D (25-OH vitamin D) concentrations. The two groups showed differences in the number of females (P =0.051, Pearson chisquare tests) and hyperlipidemia (P=0.078, Pearson chi-square tests), but the differences were not statistically significant. Fig. 1 shows the long-term recurrence rates of 332 patients as Kaplan-Meier estimates. The 12-month recurrence rate was 18% and the 24-month recurrence rate was 50%. With regard to the Kaplan-Meier estimates, the patients were divided into a group with serum vitamin D concentrations lower than 10 ng/mL and a group with none lower than 10 ng/mL. The 12-month and 24-month recurrence rates of the group with serum vitamin D concentrations lower than 10 ng/mL were 21% and 57%, respectively, while those of the group with none lower than 10 ng/mL were 17% and 45%, respectively, and the differences were statistically significant (P=0.040) (Fig. 2) .
In addition, the patients were divided into a group with serum vitamin D concentrations lower than 15 ng/mL and a group with none lower than 15 ng/mL. The 12-month and 24-month recurrence rates of the group with serum vitamin D concentrations lower than 15 ng/mL were 18% and 60%, respectively, while those of the group with none lower than 15 ng/mL were 18% and 40%, respectively, and the differences were statistically quite significant (P=0.017) (Fig. 3) .
A Cox proportional hazard model was used to analyze the effect of the variables shown in Table 1 on the recurrence of BPPV over a long period of time. In a Cox regression model examined Result of the independent samples t-tests. (Table 2 ).
In conclusion, according to Pearson chi-square tests, independent samples t-tests and the Cox proportional hazards model, none of age, sex, location and type of semicircular canal, hypertension, diabetes, hyperlipidemia, and vitamin D concentration statistically significantly affected the recurrence rates.
The recurrence rates obtained using Kaplan-Meier estimates and log-rank tests were significantly different between the group with vitamin D concentrations lower than 10 ng/mL and the group with vitamin D concentrations not lower than 10 ng/mL (P=0.040). And the recurrence rates using the estimates and tests were more statistically significantly different between the group with vitamin D concentrations lower than 15 ng/mL and the group with vitamin D concentrations not lower than 15 ng/mL (P=0.017).
DISCUSSION
The long-term recurrence rates of BPPV are generally known to reach 30%-50% between 3 and 5 years [2, 3] . The factors known to be associated with recurrence include comorbid ear diseases, age, female, lateral canal, the number of PRMs, chronic diseases, and vitamin D deficiency [1, 3, 5] .
In a 5-year long-term recurrence rate study conducted with 118 patients with posterior semicircular canal BPPV, Kansu et Survival functions 25-OH vitamin D (ng/mL) < 10 ≥10 < 10-censored ≥10-censored Fig. 3 . Kaplan-Meier estimate for recurrence among patients with 25-hydroxy (25-OH) vitamin D concentration <15 ng/mL and those with ≥15 ng/mL after initial particle repositioning maneuver (PRM). The recurrent rate is significantly higher in patients with 25-OH vitamin D concentration <15 ng/mL (P =0.017, log-rank test). al. [14] reported that the disease recurred in one third of the patients and that head trauma and Meniere disease affected the recurrence. In a long-term recurrence rate study conducted with 125 patients with posterior semicircular canal BPPV through questionnaires, Brandt et al. [3] reported that the 10-year recurrence rate was 50% and 80% of the recurrent cases occurred within a year. Perez et al. [15] reported that based on the results of observation of 69 BPPV patients over 5 years, BPPV recurred within 6 months in 50% of the patients and multiple canals and anterior canals affected the recurrence. In the present study, the recurrence rate was shown to be 50% for 24 months in KaplanMeier analysis.
In this study, the number of women was higher in the recurrence group (P =0.051), but the difference was not statistically significant. The locations and types of semicircular canals did not affect the recurrence rate in the present study. There were studies indicating that diabetes and hypertension affected the recurrence of BPPV [4, 16] . However, the mean age of the subject groups was at least 60 years in those studies, while the median age of subjects in the present study was 50 years and hypertension (P=0.508) or diabetes (P=0.775) did not affect the recurrence rate. Patients with hyperlipidemia were more frequent in the recurrence group (P=0.078), but the difference was not statistically significant. In general, the prevalence of BPPV among women was twice as high as that among men, and this difference is explained with differences in sex hormones in many cases. Therefore, in the beginning, many studies on the association between osteoporosis and BPPV were conducted with postmenopausal women with drastic changes in sex hormones [7, 8] .
Vitamin D is an important factor in calcium metabolism and is already a well-known factor associated with bone metabolism such as osteoporosis. It is already well known that vitamin D deficiency in older adults increases the risk of fracture and vitamin D supplementation therapy reduces the risk of fracture [17, 18] . In some studies on the metabolism of calcium carbonate and glycoprotein, which are the main components of otoconia, findings indicated that vitamin D is involved in calcium metabolic processes and vitamin D deficiency affects BPPV development [6, 11] .
To review studies of BPPV using vitamin D as a continuous variable, Jeong et al. [10] stated that vitamin D insufficiency (P=0.025) and deficiency (P<0.01) were associated with BPPV. Talaat et al. [11] showed results indicating that the vitamin D concentration (19.5 ng/mL) of the control group was significantly different from that of the non-recurrent BPPV group (16.0 ng/mL), and that of the recurrent BPPV group (11.9 ng/mL). And a study conducted by Rhim [5] showed results indicating that the vitamin D concentration of the non-recurrence group (16.6 ng/mL) was significantly different from that of the recurrence group (13.6 ng/mL). Several studies implemented vitamin D supplementation therapy in an effort to reduce the recurrence rates of BPPV patients with vitamin D deficiency. Buki et al. [12] reported that when vitamin D supplementation therapy was implemented on four vitamin D deficiency patients with histories of chronically recurrent severe vertigo, the recurrence decreased. Talaat et al. [19] reported that after vitamin D supplementation therapy was implemented on 28 posterior semicircular canal BPPV patients with vitamin D deficiency for three months, its recurrence significantly decreased compared to the control group for the follow-up period of 18 months. In the present study, patients were divided into many groups with different vitamin D serum concentrations and the recurrence rates of the groups were compared. The vitamin D concentrations of the non-recurrence group and recurrence group was 16.0 and 11.9 ng/mL in the studies by Talaat et al. [11] and 16.6 and 13.6 ng/mL in the studies by Rhim [5] . Since all the blood concentrations of BPPV recurrence groups and non-recurrence groups were observed to be at least 10 ng/mL, a more detailed classification seemed to be required than a general serum classification.
However, when the patients were divided into a group with vitamin D concentrations lower than 10 ng/mL and a group with none lower than 10 ng/mL and the recurrence rates were compared, the recurrence rate of the group with vitamin D concentrations lower than 10 ng/mL was statistically significantly higher (P=0.040). In addition, when the patients were divided into a group with vitamin D concentrations lower than 15 ng/mL and a group with none lower than 15 ng/mL and the recurrence rates were compared, the recurrence rate of the group with vitamin D concentrations lower than 15 ng/mL was statistically significantly higher (P=0.017). This is the first study to investigate the long-term recurrence rates of BPPV patients with vitamin D deficiency. However, the present study has the following disadvantages. The limitations are that it is a retrospective study conducted with medical records and telephone interviews and involves the risk of information bias due to the uncertainty of information collection and dependence on medical records. In addition, careful attention should be paid to the analysis and interpretation of factors influencing survival analysis, since Kaplan-Meier survival analysis is either incomplete censoring, artificially initiates and terminates study observations, and observes only survival at a certain point in time.
This study investigated the recurrence rates of BPPV patients for a long period of time without limiting the sex, age, or locations of semicircular canals, and it could be seen that serum vitamin D concentrations significantly affect the recurrence of BPPV. Given the results of the present study, treating patients with serum vitamin D concentrations lower than 15 ng/mL should be more helpful in the reduction of the recurrence rate than treating patients with blood vitamin D concentrations lower than 10 ng/mL as was done in previous studies.
